Metacarpal 4-5 fusion (MF4; MIM #309630) is a very rare congenital malformation of the hand. It consists of a partial or complete fusion of the fourth and fifth metacarpals. This anomaly could be isolated or could be part of a genetic syndrome. Recently, FGF16 nonsense mutations were reported as the cause of isolated X-linked recessive MF4. We report an 18-month-old Moroccan boy with metacarpal 4-5 fusion for whom Sanger sequencing of the entire coding sequence of FGF16 was performed. FGF16 sequencing identified the already reported (c.C535T; p.R179X) mutation in exon 3 of the gene. The mutation was found in heterozygosity state in the clinically unaffected mother of the proband. Our finding showed that truncating mutation (c.C535T; p.R179X) of FGF16 causing X-linked recessive metacarpal 4-5 fusion is recurrent in patients from different ethnicity.
Introduction
Metacarpal 4-5 fusion (MF4; MIM # 309630) is a rare congenital bone malformation caused by mutation in the FGF16 gene on chromosome Xq21. Phenotypically, it is characterized by ulnar deviation of both fifth fingers, bilateral clinodactyly, and bilateral short fifth metacarpals. At radiographs, partial or complete fusion of the fourth and fifth metacarpals are diagnosed. The anomaly occurs as an isolated trait or part of a genetic syndrome. Isolated MF4 has been reported in many families, with X-linked recessive inheritance in most of them [1] [2] [3] [4] [5] [6] , and autosomal dominant mode in one family [7] . Metacarpal fusion of 4-5 was reported associated to metatarsal synostosis and syndactyly, in which missense mutations in HOXD13 gene have been reported in a large Chinese family.
Jamsheer et al (2013) performed an exome sequencing for two unrelated patients originated from Poland and Germany and identified two nonsense mutations in exon 3 of the FGF16 gene: c.C535T; p.R179X and c.C470A; p.S157X [8] . These patients were negative for mutation in the NOG, GDF5, and HOXD13 analyzed before exome sequencing. Recently, other mutations were reported in five other patients from different ethnicity in the three exons of the FGF16 gene. We report here the first Moroccan case of MF4, for whom the already reported mutation (c.C535T; p.R179X) was found.
Case Report

Clinical report
The patient was a Moroccan consanguineous 18-month-old boy, the third child of a family of three. The parents are German cousins. The older sisters and parents are healthy. He was born at term, with normal mensurations. He had normal psychomotor development. At clinical exam at 18 months, he had normal mensurations. Exam of hands showed ulnar deviation of both fifth fingers (Fig. 1a) . Radiographs showed fusion of the fourth and fifth metacarpals and a bilateral short fifth metacarpal (Fig. 1b) . He is programmed for osteotomy of metacarpal fusion. He had minor facial dysmorpy with upslanted palpebral fissures, thin upper lip, and bulbous nose. The patient did not have generalized joint laxity or hyperextensibility. His echocardiography was normal.
Molecular screening
Informed consent was obtained from the proband's parents prior to implementation of the genetic studies reported here. Peripheral blood was collected from the affected child and their parents. Genomic DNA was extracted from blood using QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA, USA). Sanger sequencing of the entire coding sequence of FGF16 gene was performed. We searched for mutations in each of the coding exons and their intronic borders of FGF16 gene. PCR of the three exons of the gene has been realized, and the products were sequencing with BigDye Terminator on an ABI 3130 sequencer (ABI).
Primers for all three exons of human FGF16 gene and their flanking intronic regions were used [8] . Because exon 1 was not annotated in UCSC and Ensemble databases, DNA sequence numbering was based on annotated chromosome X genomic scaffold (NW_004078123.1). Translated protein sequence was identical with the RefSeq entry NP_003859.
The mutation in coding exon 3, c.C535T; p.R179X resulting in codon stop in amino acid 179 was detected in the patient. The mother was found in heteorozygote state (Fig. 2) .
Discussion
Metacarpal 4-5 fusion is a rare congenital malformation of the hand. It was reported to be X-linked recessive. X-linked recessive inheritance was first suggested by Orel (1928) and Holmes et al in 1972 who described first the fusion of the fourth and fifth metacarpals as an entity [3, 6] . Lonardo et al (2004) described a four-generation family with fusion of the fourth and fifth metacarpals, and only males were affected [5] .
In this report, we present a further case of sporadic male case of MF4 with recurrent nonsense mutation in the exon 3 of the FGF16 gene. Seven patients with MF4, and mutations in FGF16 gene were reported to date. The first patient was a Polish boy who had a c.535C > T transition in exon 3 of the FGF16 gene, resulting in an arg179-to-ter (R179X) substitution. His clinically and radiologically unaffected mother had the same mutation in heterozygosity state. The second patient originated from Germany had the c.470C > A mutation in the same exon, resulting in a ser157-to-ter (S157X) substitution [8] . The mutation was predicted to produce a protein lacking some of the amino acid residues responsible for receptor and heparan sulfate binding. Jamsheer et al (2014) reported a third patient with generalized joint laxity and hypermobility, associated with MF4 symptoms. This patient had a novel truncating mutation (c.474_477del; p.E158DfsX25) in exon 3 of the gene [9] . He suggested that FGF16 gene may also be responsible for connective tissue symptoms in MF4 patients. Recently, other mutations were reported in four other patients from different ethnicity. Laurell et al identified three novel mutations [10] . Two of these mutations were reported in unrelated Sweden patients. The first Sweden patient with a familial history of MF4 and cardiac disorders had the c.361G > T (p.G121*) nonsense mutation in exon 2 of FGF16. The second had the c.203G > T (p.R68L) in exon 1. He reported a third patient originated from South America with the c.378G > C (p.S126S) mutation in exon 2 [10] . Eight FGF16 mutationcarrying members of the large first family reported by Laurell Variable expression was reported, ranging from isolated bilateral fusion of metacarpals 4/5 to a broad proximal fifth metacarpal bone and an overall shorter fifth digit. Previously Lu et al reported that that Fgf16 is required in embryonic heart development in mice [11] . Furthermore, Laurell et al reported that 76% of 101 zebrafish embryos studied had a heart edema. Recently, Jones et al reported the seventh case, a fourth British boy with a novel hemizygous 19-bp duplication (c.275_293dup) in exon 2 [12] . Table 1 summarizes the clinical and molecular findings of the previously reported MF4 patients with FGF16 mutations. FGF16 is one of 22 proteins of the fibroblast growth factor family (FGFs) [13] . This gene belongs to the FGF-9 subfamily (composed of FGF9, FGF16, and FGF20) and composed of 621 bp and his protein com- prised 207 amino acids [14] . The FGF16 protein has a heparin binding site and a receptor interaction site. The FGFs are a family of growth factors and oncogenes. They play important roles in embryonic development, morphogenesis, tissue repair, inflammation, and tumor growth [15, 16] . FGF16 is expressed predominantly in adult heart tissues [17] . Mouse in situ hybridization confirmed that expression of Fgf16 is also observed in the central interdigital areas of the fore-and hindlimbs [8] .
FGFs could be functional by binding and activating FGF receptors (FGFR1 to FGFR4) using their heparin binding site. FGF signaling is regulated by spatial and temporal expression of ligands, heparan sulfate cofactors, receptors, and FGF-FG-FR binding specificity [18, 19] . Mutations identified to date, recurrent mutation p.R179X, p.S157X and p.E158DfsX25 mutations introduce premature codons stop in the last exon of the FGF16 gene. Jamsheer et al (2013) proposed that transcripts of these mutations located in the last exon are likely to be stable and not subjected to nonsense mediated decay [8] . The patient reported by Jamsheer with mutation (p.R179X) had joint laxity. Our patient did not have connective tissue disorder symptoms. We can suggest that maybe because the patient is too young these signs are not currently detected. More studies are needed to confirm the impact of impaired FGF16 function in connective tissue properties in human MF4 patients. Our report confirms that mutations of FGF16 are causative for X-linked recessive metacarpal 4-5 fusion.
